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ABSTRACT 
This paper d e t a i l s  how t h e  U.S. Department o f  
Energy, Federal Energy Management Program (FEMP) i s  
apply ing meter ing technology t o  conduct e m p i r i c a l l y  
based analyses o f  energy use by federa l  agencies. 
Continuing developments i n  sensors, data a c q u i s i -  
t i o n  systems, microcomputers and mon i to r ing  p r o t o -  
c o l s  a re  reducing t h e  cos ts  o f  meter ing t o  t h e  p o i n t  
t h a t  i t  i s  becoming " t o o  cheap n o t  t o  meter" energy 
and t h e  determinants o f  energy use a t  federa l  
f a c i l i t i e s .  This  has widespread consequence f o r  
FEMP i f  one accepts t h e  axiom t h a t  "one c a n ' t  manage 
what one doesn ' t  measure." 
Several r e c e n t l y  completed and ongoing 
a c t i v i t i e s  being managed by P a c i f i c  Northwest 
~ a b o r a t o r ~ ( a )  f o r  FEMP are  h i g h l i g h t e d  i n  t h i s  
paper. This  inc ludes t h e  meter ing o f  energy end- 
uses f o r  a research l a b o r a t o r y  b u i l d i n g  t o  support 
a shared energy savings c o n t r a c t ,  ana lys is  o f  
u t i l i t y  b i l l i n g  records,  c l ima te ,  and c h a r a c t e r i s -  
t i c s  data f o r  e n t i r e  m i l i t a r y  bases t o  p r i o r i t i z e  
energy use t e s t i n g  requirements, and enhancements 
t o  simp1 i f i e d  energy ana lys is  t o o l s  t o  he lp  federa l  
energy decision-makers i d e n t i f y  and eva lua te  cos t -  
e f f e c t i v e  energy savings o p p o r t u n i t i e s .  
INTRODUCTION 
The U.S. Department of Energy (DOE), Federal 
Energy Management Program (FEMP) miss ion i s  t o  
p rov ide  leadership t o  make t h e  f e d e r a l  government 
more energy e f f i c i e n t .  Th is  miss ion i s  accomp- 
l i s h e d  through a broad-based program o f  research 
and development c o o r d i n a t i o n ,  i n fo rmat ion  dissemin- 
a t ion ,  and in teragency coopera t i ve  development 
ventures. Commercially a v a i l a b l e  technologies,  
emerging technologies,  and experimental technolo-  
g ies  a re  among t h e  op t ions  t h a t  FEMP encourages 
o t h e r  agencies t o  consider ,  as appropr ia te ,  t o  h e l p  
meet energy e f f i c i e n c y  goals. Coord inat ion o f  
energy management a c t i v i t i e s  among f e d e r a l  agencies 
i s  an impor tant  element o f  FEMP, i n c l u d i n g  the  
educat ion and t r a i n i n g  o f  f e d e r a l  energy dec is ion  
makers w i t h  regard t o  e n e r g y - e f f i c i e n t  technologies.  
To accomplish t h i s  m iss ion  and achieve these 
goals ,  the  FEMP has supported severa l  app l ied  
research and development a c t i v i t i e s  a t  P a c i f i c  
Northwest Laboratory  (PNL), one o f  the  DOE 
mul t ipurpose research f a c i l i t i e s .  This  paper 
summarizes s i g n i f i c a n t  research e f f o r t s  and prov ides 
sample a p p l i c a t i o n s  o f  var ious t o o l s  and methods 
appropr ia te f o r  widespread a p p l i c a t i o n .  These 
e f f o r t s  inc lude  advanced energy use meter ing 
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techniques, energy use b a s e l i n i n g  and f o r e c a s t i n g  
approaches, and energy use s i m u l a t i o n  and conserva- 
t i o n  measure e v a l u a t i o n  methods. 
A focus o f  FEMP e f f o r t s  has been t o  support 
t h e  development and a p p l i c a t i o n  o f  low-cost meter ing 
and energy a n a l y s i s  approaches f o r  use i n  t h e  federa l  
sector .  Meter ing i s  used t o  i d e n t i f y  and 
charac te r i ze  energy end-uses, develop cos t -  
e f f e c t i v e  energy cos t  r e d u c t i o n  s t r a t e g i e s ,  and 
evaluate the  performance o f  energy e f f i c i e n c y  
improvements. Impor tant  aspects o f  t h i s  work 
inc lude  t h e  development o f  g u i d e l i n e s  and proce- 
dures f o r  t h e  s e l e c t i o n  and ins t rumenta t ion  o f  
meter ing p o i n t s  as w e l l  as t h e  c o l l e c t i o n  and 
a n a l y s i s  o f  t h e  a v a i l a b l e  data. 
ENERGY USE METERING FOR FEDERAL FACILITIES 
Although most f e d e r a l  f a c i l i t i e s  use energy i n  
complex and d i v e r s e  ways, energy i s  u s u a l l y  metered 
o n l y  f o r  u t i l i t y  b i l l i n g  purposes. These measure- 
ments are o f t e n  much t o o  aggregated t o  be o f  d i r e c t  
use f o r  i d e n t i f i c a t i o n  and assessment o f  s p e c i f i c  
e f f i c i e n c y  improvement o p p o r t u n i t i e s .  Nonetheless, 
t h e  c a r e f u l  examinat ion o f  these data can p rov ide  
i n s i g h t s  t o  he lp  determine t h e  f u e l s ,  f a c i l i t i e s ,  
systems, and seasons o f  g r e a t e s t  s i g n i f i c a n c e ,  and 
t o  p rov ide  o v e r a l l  i n d i c e s  o f  comparat ive energy 
performance. 
One o f  t h e  most i n s i g h t f u l  methods o f  s tudy ing 
u t i l i t y  b i l l i n g  da ta  i s  t o  p l o t  t h e  d a i l y  average 
energy use l e v e l s  f o r  each p e r i o d  versus t h e  average 
outdoor temperature. Care must be exerc ised t o  
ensure t h a t  t h e  c l i m a t e  da ta  i s  averaged over  t h e  
exact b i l l i n g  per iods,  and t h a t  t h e  d a i l y  average 
energy consumptions a re  c a l c u - l a t e d  accura te ly .  
Depic t ions f o r  steam and c h i l l e d  water p roduc t ion  
data f rom t h e  c e n t r a l  p l a n t  records o f  t h e  Na t iona l  
Naval Medical Center i n  Bethesda, MD are  presented 
i n  F igure  1. The month and y e a r  l a b e l  f o r  each 
monthly average data p o i n t  i s  pos i t i oned  t o  
immediately i d e n t i f y  o u t l i e r s  w h i l e  showing c e n t r a l  
tendencies. Examination o f  these p l o t s  i n d i c a t e s  
t h e  s e n s i t i v i t y  of t h e  v a r i o u s  f u e l s  and systems t o  
outdoor temperature, and prov ides a qu ick  v i sua l  
means t o  v e r i f y  da ta  q u a l i t y  and t o  compare 
h i s t o r i c a l  energy consumption leve ls .  The p l o t s  
a re  use fu l  t o  i d e n t i f y  anomalous da ta  points f o r  
f u r t h e r  i n v e s t i g a t i o n ,  such a5 steam produc t ion  i n  
August 1988. Dur ing t h i s  month t h e  otherwise i d l e  
absorpt ion c h i l l e r s  a t  t h e  c e n t r a l  p l a n t  were 
ac t i va ted ,  s i g n i f i c a n t l y  inc reas ing  steam and f u e l  
o i l  consumption d u r i n g  a p e r i o d  o f  r e l a t i v e l y  h igh  
outdoor temperature. 
Where t ime-of -use demand meters are u t i l i z e d  
f o r  e l e c t r i c a l  b i l l i n g ,  i t  i s  u s e f u l  t o  prepare 
these p l o t s  us ing  d a i l y  consumption t o t a l s .  I n  
t h i s  way the  e f f e c t s  o f  b u i l d i n g  occupancy on 
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FIGURE 1: STEAM AND CHILLED WATER PRODUCTION VERSUS AVERAGE OUTDOOR TEMPERATURE 
FOR THE NATIONAL NAVAL MEDICAL CENTER (NNMC) CENTRAL PLANT IN BETHESDA, MD 
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FIGURE 2: ELECTRIC UTILITY CHARGES FOR A MILITARY FACILITY - COMPARISON OF PRNIOUS AND CURRENT TARIFFS 
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energy use can be d i s t i n g u i s h e d  f o r  work ing and 
non-working days. It i s  a l s o  use fu l  t o  examine 
e l e c t r i c a l  use accord ing t o  b i  11 i n g  components t h a t  
may inc lude  peak demand, and consumption dur ing  
off-peak, on-peak, and in te rmed ia te  per iods.  This  
y i e l d s  a d d i t i o n a l  i n s i g h t  o f  t h e  na tu re  o f  e l e c t r i -  
ca l  energy use and t h e  impact o f  p o t e n t i a l  conser- 
va t ion  and load management measures on u t i l i t y  
costs. Because energy cos ts  a r e  a  f u n c t i o n  o f  
u t i l i t y  t a r i f f s ,  i t  i s  impor tant  t o  examine past  
and a n t i c i p a t e d  u t i l i t y  r a t e s .  F igure  2 d e p i c t s  
the monthly charges f o r  e l e c t r i c i t y  a t  the  Nat ional  
Naval Medical Center f a c i l i t y  under t h e  ac tua l  r a t e s  
i n  1988 and e a r l y  1989, as con t ras ted  w i t h  what the  
charges w i l l  be i f  consumption i s  i d e n t i c a l  i n  t h e  
coming year .  The monthly d i s t r i b u t i o n  and p roduc t ion  
charges a r e  assessed based upon t h e  peak 30-minute 
demand, and t h e  h ighes t  30-minute demand dur ing  the  
on-peak p e r i o d  o f  t h e  summer months, r e s p e c t i v e l y .  
The change i n  t h e  u t i l i t y  t a r i f f  commencing i n  May 
o f  1989 s i g n i f i c a n t l y  increases e l e c t r i c i t y  costs  
dur ing  the  summer w i t h  a  commensurate reduc t ion  
dur ing  the  w i n t e r  months ( a l s o  t h e  5 "summer1 months 
have been s h i f t e d  t o  begin i n  June r a t h e r  than May). 
While t h e  o v e r a l l  impact on the  annual e l e c t r i c a l  
cos t  i s  smal l ,  t h i s  change s i g n i f i c a n t l y  a f f e c t s  t h e  
cost -ef fect iveness o f  i n d i v i d u a l  energy conservat ion 
measures. 
While much i s  learned from c a r e f u l  ana lys is  
and p resen ta t ion  o f  t h e  u t i l i t y  b i l l i n g  data, 
supplemental measurement i s  o f t e n  cos t  j u s t i f i e d  t o  
b e t t e r  understand energy end-uses and conservat ion 
p o t e n t i a l s .  Consequently, FEMP supports t h e  
development and a p p l i c a t i o n  o f  new energy meter ing 
technologies and ana lys is  methods f o r  federa l  
f a c i l i t i e s .  As new t o o l s  and methods a r e  devel -  
oped, the  FEMP supports app l ied  research t o  evaluate 
and r e f i n e  them be fo re  promoting more widespread 
a p p l i c a t i o n s .  
PNL admin is ters  f o u r  FEMP Mobi le  Energy 
Labora to r ies  (MELs) f o r  use by f e d e r a l  agencies t o  
conduct energy use measurements and e f f i c i e n c y  
t e s t s .  The l a b o r a t o r i e s  a r e  customized 56 
passenger busses o u t f i t t e d  w i t h  soph is t i ca ted  
meter ing and t e s t  equipment. They a re  con f igu red  
t o  prov ide equipment s torage and work space f o r  
s p e c i a l l y  t r a i n e d  t e c h n i c i a n s  t o  conduct energy 
e f f i c i e n c y  t e s t s  i n  con junc t ion  w i t h  o n - s i t e  
operat ions personnel.  These l a b o r a t o r i e s  a r e  made 
a v a i l a b l e  t o  federa l  agencies through in teragency 
agreements w i t h  t h e  Department o f  Energy, t h a t  
p rov ide  funding f o r  PNL techn ic ians  o r  subcontrac- 
t o r s  t o  conduct t e s t s  and ma in ta in  t h e  t e s t  
equipment. 
PNL i s  p r e s e n t l y  p repar ing  a ca ta log  o f  stand- 
ard ized energy e f f i c i e n c y  t e s t i n g  procedures f o r  
common i n v e s t i g a t i o n s  such as combustion e f f i c i e n c y  
measurement, e l e c t r i c a l  o r  steam d i s t r i b u t i o n  system 
eva lua t ion ,  and hea t ing ,  v e n t i l a t i o n ,  and a i r  
c o n d i t i o n i n g  system t e s t i n g .  These procedures 
f o l l o w  gu ide l ines  es tab l i shed  by the  American 
Society  f o r  Tes t ing  and R a t e r i a l s  (ASTM), and w i l l  
be submitted f o r  ASTM approval as they are 
. . 
f i n a l i z e d .  
The MELs have s o ~ h i s t i c a t e d   or table comDuters 
w i t h  removable c a r t r i d g e  hard d r i v e s  f o r  general 
data assembly and ana lys is ,  i n s e r t i o n  t u r b i n e  f l o w  
computers f o r  steam and ho t  water  measurement, 
e l e c t r i c a l  power analyzers and a  f a m i l y  o f  clamp on 
c u r r e n t  t ransformers and vo l tage  transducers f o r  
e l e c t r i c a l  c i r c u i t  ana lys is ,  and d i g i t a l  combustion 
gas analyzers f o r  combustion e f f i c i e n c y  measure- 
ments. F i e l d  da ta  a c q u i s i t i o n  systems based upon 
DOE s p e c i f i c a t i o n s  f o r  mul t ichannel  data logg ing  o f  
e l e c t r i c a l  consumption, c l i m a t e  cond i t i ons ,  and 
equipment s t a t u s  are a l s o  now a v a i l a b l e .  Remote 
measurement o f  temperatures i s  a l s o  prov ided by 
small se l f - con ta ined  da ta  recorders.  With the  
except ion o f  t h e  combustion gas analyzer ,  a l l  o f  
t h i s  equipment i s  con f igu red  t o  generate e l e c t r o n i c  
records f o r  subsequent a n a l y s i s  us ing  desk-top 
computer ana lys is  packages. 
Examples o f  t h e  types o f  measurements a v a i l a b l e  
from t h i s  equipment a re  prov ided i n  F igure  3. This  
inc ludes  combustion gas a n a l y s i s  r e s u l t s  f o r  two 
b o i l e r s ,  and power measurements f o r  a  l a r g e  motor 
v e h i c l e  maintenance f a c i . l i t y .  The b o i l e r  e f f i c i e n c y  
measurements were made t o  eva lua te  t h e  adequacy o f  
b o i l e r  maintenance and c o n t r o l s ,  and t h e  power 
measurements revealed t h e  e f f e c t i v e n e s s  o f  a  campaign 
t o  t u r n  o f f  l i g h t s  a t  n i g h t  and on week-ends. While 
these measurements a re  o f  g r e a t  va lue  t o  t h e  f a c i l i t y  
energy manager, they  probably  would n o t  be considered 
o r  c o s t - j u s t i f i e d  i f  t h e  s p e c i a l i z e d  equipment and 
s k i l l e d  techn ic ians  were n o t  a v a i l a b l e  t o  them on a  
cost-shared bas is .  The coord ina ted  a p p l i c a t i o n  o f  
t h e  equipment on-board the  MELs among a l l  federa l  
agencies makes i t  p r a c t i c a b l e  t o  c o l l e c t  these types 
o f  data f o r  s h o r t  pe r iods  o f  t ime  and i d e n t i f y  where 
o p p o r t u n i t i e s  f o r  e f f i c i e n c y  improvements and 
dedicated mete r ing  j u s t i f y  fo l l ow-up  a c t i o n  by t h e  
f a c i  1  i t y  management. 
ENERGY USE BASELINING AND FORECASTING APPROACHES 
An impor tant  element of any energy management 
program i s  t h e  a b i l i t y  t o  determine progress toward 
energy e f f i c i e n c y  goals .  Th is  i s  made d i f f i c u l t  
where b u i l d i n g s  and people a re  invo lved  because o f  
t h e  complex i n t e r a c t i o n s  o f  energy consumption w i t h  
c l i m a t e  and b u i l d i n g  use. Means of accounting f o r  
these a f f e c t s  o r  i s o l a t i n g  system components no t  
in f luenced by them a r e  necessary t o  accura te ly  
q u a n t i f y  energy use e f f i c i e n c y .  To t h i s  end t h e  
FEMP has employed end-use energy measurements and 
conducted t e s t s  of va r ious  approximation methods t o  
a d j u s t  consumption f o r  u n c o n t r o l l a b l e  changes. 
When energy consumption base l ines  are estab-  
l i shed ,  i t  i s  p o s s i b l e  t o  t e s t  t h e i r  accuracy by 
comparing fo recas ted  l e v e l s  o f  energy consumption 
w i t h  ac tua l  energy use. Dev ia t ions  f rom expecta- 
t i o n s  must be s tud ied  t o  d e t e r m i n e ' i f  energy use 
e f f i c i e n c y  changed o r  i f  unexplained f a c t o r s  a re  
a f f e c t i n g  t h e  base l ine  and r e s u l t a n t  f o r e c a s t .  
Work i s  ongoing t o  he lp  determine t h e  bes t  mix o f  
measurements and approximation methods f o r  
p a r t i c u l a r  f a c i l i t i e s .  
Another b e n e f i t  o f  b a s e l i n i n g  energy 
consumption i s  t o  f a c i l i t a t e  t h e  implementat ion o f  
performance-based shared energy savings con t rac ts .  
Under these c o n t r a c t s ,  which are now permi t ted  by 
t h e  federa l  government, an energy se rv ice  company 
can reap t h e  b e n e f i t s  o f  c a p i t a l  investments they 
make t o  improve energy use e f f i c i e n c y  o f  federa l  
f a c i l i t i e s .  The bene f i t s  are determined by compar- 
i son  o f  the  c u r r e n t  measured energy consumption 
l e v e l s  w i t h  t h e  p r e - r e t r o f i t  base l ine  as adjusted 
f o r  c u r r e n t  cond i t i ons .  The success o f  these 
agreements hinges l a r g e l y  upon t h e  c r e d i b i l i t y  
(perceived accuracy) and simp1 i c i  t y  o f  t h e  energy 
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use base1 i n e  , 
requirements. 
FEMP a c t  
th ree  oara l  l e  
two seemingly c o n f l i c t i n g  
i v i t y  i n  t h i s  area has progressed a long 
1  paths. The f i r s t  was a1 luded t o  
above, where u t i l i t y  b i l l i n g  data i s  c a r e f u l l y  
analyzed w i t h  cons idera t ion  o f  c l i m a t e  data. A  
prev ious paper (1) descr ibes t h i s  approach i n  some 
d e t a i l ,  where a  se t  o f  e l e c t r o n i c  spreadsheet macros 
have been developed t o  guide t h e  norma l i za t ion  and 
s t a t i s t i c a l  ana lys is  o f  u t i l i t y  b i l l i n g  data. Such 
data may be s u f f i c i e n t  f o r  an acceptable base l ine  
i f  t h e  p o t e n t i a l  conservat ion measures s i g n i f i c a n t l y  
exceed t h e  "noise"  o r  u n c e r t a i n t y  associated w i t h  
the base1 i n e  p r e d i c t i o n s .  
The second path employs energy end-use meas- 
urements t o  i s o l a t e  t h e  components o f  energy use 
t h a t  can be r e l i a b l y  basel ined from those t h a t  
cannot. Th is  may be necessary where t h e  base l ine  
u n c e r t a i n t y  would otherwise be t o o  g r e a t  i n  r e l a -  
t i o n  t o  t h e  p o t e n t i a l  savings. An example o f  data 
f o r  t h i s  systems i s o l a t i o n  approach i s  dep ic ted  i n  
F igure 4  where a  s e t  o f  end-use measurements a r e  
made f o r  a  mul t ipurpose l a b o r a t o r y  b u i l d i n g  t o  
basel ine t h e  energy us ing  systems t h a t  w i l l  be 
a f f e c t e d  by a  shared energy savings p r o j e c t .  
Because no r e t r o f i t s  are a n t i c i p a t e d  f o r  t h e  
s c i e n t i f i c  equipment and methods t o  f o r e c a s t  t h e i r  
use would be f u t i l e ,  t h e  energy they consume i s  
measured and subtracted from t h e  b u i l d i n g  energy 
use t o  d e r i v e  a  more r e l i a b l e  base l ine .  Other 
sensors measure t h e  i n t e r i o r  and e x t e r i o r  c l i m a t e  
cond i t i ons  t o  ad jus t  the  base l ine  f o r  changes i n  
key parameters t h a t  a r e  beyond t h e  c o n t r o l  o f  t h e  
energy savings c o n t r a c t o r .  
A t h i r d  pathway t o  b a s e l i n i n g  i s  descr ibed 
below, where a  c a l c u l a t e d  base l ine  i s  developed 
based upon an energy use s i m u l a t i o n  model. Once 
the  model i s  c a l i b r a t e d  t o  measured data, i t  can be 
used n o t  o n l y  t o  i d e n t i f y  c o s t - e f f e c t i v e  energy 
e f f i c i e n c y  improvement o p p o r t u n i t i e s ,  b u t  may a l s o  
serve as t h e  energy use base l ine .  The FEMP i s  
improving t h e  c a p a b i l i t i e s  o f  p u b l i c  domain energy 
ana lys is  programs whi 1  e  conduct ing appl i e d  research 
t o  evaluate and r e f i n e  t h i s  b a s e l i n i n g  approach 
I n \  ( L J .  
I n  l i g h t  o f  t h e  va r ious  approaches t o  energy 
use b a s e l i n i n g ,  and t h e i r  c r i t i c a l  importance t o  
evaluate energy management programs, t h e  FEMP i s  
exp lo r ing  t h e  most acceptable and c o s t - e f f e c t i v e  
techniques w i t h  i n t e r e s t e d  federa l  agencies. 
T y p i c a l l y ,  a  p r e l i m i n a r y  i n v e s t i g a t i o n  o f  energy 
savings p o t e n t i a l  and each o f  t h e  t h r e e  b a s e l i n i n g  
approaches descr ibed above i s  c a r r i e d  out  f o r  a  
p a r t i c u l a r  f a c i l i t y ,  be fo re  s i g n i f i c a n t  resources 
are expended f o r  metering, model l ing,  o r  t h e  
soph is t i ca ted  a n a l y s i s  t h a t  may be requi red.  
ENERGY USE SIMULATION AND CONSERVATION MEASURE 
EVALUATION 
With t h e  advent o f  inexpensive and w ide ly  
a v a i l a b l e  desk-top computers, FEMP i s  suppor t ing 
the development and enhancement o f  p u b l i c  domain 
energy use a n a l y s i s  software. This  sof tware 
f a c i l i t a t e s  d e t a i l e d  ana lys is  o f  the  complex and 
diverse energy uses o f  b u i l d i n g  systems by model l ing 
energy use cause and e f f e c t  r e l a t i o n s h i p s .  A l l  
software developed by the  FEMP i s  placed i n  the  
p u b l i c  domain t o  f a c i l i t a t e  widespread use and t o  
p rov ide  an open a r c h i t e c t u r e  f o r  educat ional  purposes 
and customizat ion as may be desi red.  
Presen t l y ,  t h e  FEMP i s  c o n t i n u i n g  development 
and user  support f o r  " A  S i m p l i f i e d  Energy Analys is  
Method" (ASEAM) t h a t  uses b i n  temperature data and 
t h e  American Soc ie ty  o f  Heating, R e f r i g e r a t i o n  and 
A i r  Cond i t i on ing  Engineers (ASHRAE) approved ca lcu -  
l a t i o n  methods t o  es t imate  b u i l d i n g  energy end-use 
i n t e n s i t i e s  (3) .  Th is  t o o l  uses t h e  l i f e  c y c l e  
c o s t i n g  procedure developed by t h e  Nat iona l  Bureau 
o f  Standards t o  determine t h e  sav ings- to- investment  
r a t i o s  of p o t e n t i a l  energy e f f i c i e n c y  improvements 
(4) .  The ou tpu t  o f  t h i s  menu d r i v e n  sof tware can 
be read d i r e c t l y ,  o r  fo rmat ted  f o r  i n p u t  t o  popular  
spreadsheet programs and a n a l y s i s  packages. 
Th is  s i m p l i f i e d  method was o r i g i n a l l y  devel -  
oped t o  operate on IBM personal computers w i t h  on ly  
256K o f  random access memory. Now t h a t  most energy 
ana lys ts  have access t o  computers w i t h  enhanced 
c a p a b i l i t i e s  t h e  sof tware i s  be ing upgraded t o  take  
advantage o f  these c a p a b i l i t i e s  and improve ease o f  
use, f l e x i b i l i t y ,  and accuracy. However, even w i t h  
these improvements t h e  s i m p l i f i e d  c a l c u l a t i o n s  a re  
n o t  adequate f o r  s o p h i s t i c a t e d  energy c o n t r o l  
s imu la t ions  and u t i l i t y  l o a d  management op t ions  
i n v e s t i g a t i o n s .  
Consequently, t h e  FEMP i s  embarking on a  
p r o j e c t  t o  i n t e g r a t e  t h e  ASEAM and DOE-2 h o u r l y  
s i m u l a t i o n  programs i n t o  a  common computing 
environment. The o b j e c t i v e  i s  t o  s l i g h t l y  modi fy  
t h e  ASEAM program i n p u t s  and develop an i n t e r f a c e  
t o  accommodate use o f  t h e  more s o p h i s t i c a t e d  and 
computa t iona l l y  i n t e n s i v e  DOE-2 program. The p u b l i c  
domain DOE-2 program can p r e s e n t l y  be run 
on enhanced desk-top computers on ly  by us ing  
p r o p r i e t a r y  software. It i s  FEMP's goal t o  re lease  
an i n t e g r a t e d  p u b l i c  domain program, thereby 
p e r m i t t i n g  t h e  federa l  energy ana lys t  t o  q u i c k l y  
examine a  wide number o f  p o t e n t i  a1 conservat ion 
measures us ing  ASEAM and then  r e a d i l y  use t h e  DOE-2 
program t o  more f u l l y  i n v e s t i g a t e  t h e  most promis ing 
energy e f f i c i e n c y  improvements. 
An impor tant  c a u t i o n  i s  requ i red  t o  ensure 
e f f e c t i v e  use o f  these t o o l s .  The output  est imates 
are o n l y  as good as t h e  i n p u t  d a t a  and t o  a  l e s s e r  
degree t h e  so f tware  a lgor i thms.  Without w e l l  
informed users,  these t o o l s  can be i n c o r r e c t l y  
app l ied  and t h e  r e s u l t s  can be e a s i l y  m i s i n t e r -  
preted. As a  check on t h i s  t h e  FEMP i s  c o n t i n u i n g  
e f f o r t s  t o  measure the  a c t u a l  end-use consumption 
o f  b u i l d i n g  energy systems and developing methods 
by which independent users under c e r t a i n  s t a b l e  
cond i t i ons  may apply metered data t o  c a l i b r a t e  t h e  
base l ine  f o r  t h e i r  b u i l d i n g  and improve r e t r o f i t  
opt ions ana lys is .  By documenting these exper ien-  
ces, and suppor t ing  user  t r a i n i n g ,  t h e  FEMP hopes 
t o  p rov ide  guidance and low-cost approaches t o  
c a l i b r a t e  t h e  s i m u l a t i o n  models and check t h e  
v a l i d i t y  o f  t h e i r  est imates against  accumulated 
measurements. 
SUMMARY 
Th is  paper has descr ibed severa l  a p p l i c a t i o n s  
o f  meter ing f o r  f a c i l i t y  and whole b u i l d i n g  energy 
analys is ,  and i d e n t i f i e d  areas o f  ongoing i n v e s t i -  
g a t i o n  by t h e  FEMP. Our experiences w i t h  f i e l d  
data c o l l e c t i o n  have been p a r t i c u l a r l y  valuable, 
p rov id ing  an emp i r i ca l  bas is  t o  eva lua te  energy 
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analysis methods, and revealing the measurement 
complexities and capabilities of metering hardware. 
When coupled with the increasing sophistication and 
affordability of energy metering systems and 
computational environments, the future is particu- 
larly bright for improving the understanding and 
efficiency of energy use. 
However this paper also identifies areas where 
additional research and applications testing is 
necessary to achieve the goals of optimal energy 
use efficiency. Sp,ecifically, improved energy use 
metering technologies must be investigated, soft- 
ware to efficiently apply the data and computers 
now available must be maintained and enhanced, and 
more scientifically sound energy use baselining and 
forecasting methods must be developed. All this 
requires funding and institutional support that is 
challenging to obtain in this era of energy compla- 
cency and focus on sources of new energy supply. 
It is hoped that the increasing awareness of the 
environmental impacts of energy production, and the 
indisputable merits of energy efficiency improve- 
ment to reduce these impacts, will compel public 
and private sources to continue and accelerate this 
appl ications-oriented research. Ultimately, these 
investments will be small in relation to the value 
of the energy savings that will be realized as the 
methods are put into practice. 
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